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Abstract 
This paper shows the results of an experimental study conducted to research the impact of waste marble powder (WMP) 
and fly ash (FA) on the fluidity (marsh cone flow time (MCFT), mini-slump diameter and plate cohesion meter (PCM)) 
and the rheological properties (viscosity and yield stress) of cement based grout (CBG) mixtures. The experiments were 
applied with the CBG mix including 1.00 water-binder (w/b) ratios and combined use of WMP (5-25%), FA (5-25%) and 
WMP+FA (10-30% + constant 25%). Test results illustrated that the rheological properties of the CBGs importantly have 
been improved by the addition of WMP, FA and WMP+FA to grout mix at w/b=1 ratio. Strongly shear thickening 
behaviour was got from the CBG mixtures the all WMP, FA and WMP+FA content. The increase in the percentage of 
WMP (5-25%) amount reduced the mini-slump flow diameter. Moreover, the increment in the percentage of FA (5-25%) 
amount increments the mini slum flow. According to the control sample, the increment in the percentage of WMP (10-
25%) amount increased the mini-slump flow diameter for constant FA (25%) content. Also, the increase in WMP amount 
in the CBG mix, there is no effect on MCFT. Also, MCFT decreased with the increase of FA amount. Especially, FA 
increased the fluidity of CBG, when the WMP showed negative effect in increase the MCFT in WMP+FA content. 
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1. Introduction 
Cement Based Grout (CBG) is a widely used method for many applications in the geotechnical area [1]. Some 
examples of CBG applications are suspension grouting, emulsion grouting, solution grouting, compaction grouting, 
permeation grouting, displacement grouting and replacement grouting [2-5]. The rheological and permeability properties 
of the CBG are straightly involved with the penetrability and pumpability in cracks and soil voids. 
CBG is mixed of water, cement and admixture. For CBG mix design, different range of water-cement (w/c) ratio can 
be utilized. For the applications of permeation grout, w/c ratio of CBG range between 0.5 and 1 [6]. The w/c rate of 
injectable grout ranges from 1 to 2. Also, the grout should be similar to the liquid that can be injected into the rock and 
soil [4]. CBG mixes have usually water-cement ratios of 1.00 by volume. 
Mineral and chemical admixtures are used to develop the properties of CBG like durability, permeability, rheological 
and fresh properties. Adding mineral admixtures to the CBG at different amount modify the rheological and fresh 
properties of injections. For various types of grout applications, various additions (Cement kiln dust, silica fume, rice 
husk ash, metakaolin and bentonite) have been applied. [7-9]. 
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Some recent studies showed that additive, like rice husk ash, have increased the durability, long-term performance 
and workability of CBG mix [10-11]. Consequently, the additives usage in CBG applications reduce the charge of the 
application but increment the flowability and the strength. Also, Singh et al. (2019), Khan et al. (2019) and Singh et al. 
(2017) investigated the use of Portland cement with FA and WMP in concrete. They pointed out that the binary 
composition of the binders provided economic and environmental advantages by reducing Portland cement (PC) 
production, thus CO2 emission [12-14]. 
Marble is a very important material for construction, particularly for decoration reasons. %25 percent of marble turns 
to powder and dust due to shaping, polishing, and sawing. The wastes of the marble industry have become a major 
environmental problem since the beginning of the 2000s. This issue is not just a local problem, and it is of direct concern 
to dozens of countries. While many countries, such as Turkey, Iran, Italy, China, India, Spain, Brazil, South Africa, 
Portugal, Pakistan, USA, Egypt and Finland, export the marble products, many other countries, such as Japan, Germany, 
Taiwan and South Korea, import them [15]. Turkey owns 40% of the world's marble reserves, and storing the waste 
released during production is of utmost importance. Turkey has nearly 3.872 * 106 m3 of marble reserves, of which close 
to 125 * 103 t/year are generated in Afyon City alone [12]. Five thousand processing factories are used for marble 
production in Turkey. It is clear that these waste products reach millions of tons; so it is too difficult to store this amount 
of wastes. [16, 17] 
FA is a divided siliceous tailing from the burning up of powdered coal and can be used an admixture. FA has the 
same fineness like PC. It can also react easily chemically with cement. Also, the average annual FA production in Turkey 
has about 13 million tons and half of it was utilized. 
The disposal of WMP and FA are one of the most environmental concerns all over the world nowadays. On the other 
hand, WMP and FA can be used to increase the fresh properties of cementitious grout.  
WMP is used like a complementary cement based material in the concrete. Earlier researches concluded that 
maximum 10-15 percent of WMP can be conveniently mixed into the concrete without negatively impacting the 
durability, hardness and strength of the resulting concrete [18-20]. Another researches investigated the usage of WMP 
as a cement substitution. Also, Study showed that combining of WMP in self-compacting concrete (SCC) with concrete 
reduce the splitting tensile strength, compressive strength, bulk weight, slump flow, ultrasonic pulse velocity, porosity 
and cost [20]. 
Usually, the percentage of FA usage is 10-35% in concrete [21]. The usage of FA in concretes and SCC have also 
been investigated and have been well developed in the last decade [22]. On the other hand, there is limited knowledge 
available concerning the fresh characteristics of cement based grout containing FA. The replacement of Portland Cement 
with FA is important for decreasing the viscosity, increasing passing ability and flowability of cement based grout 
materials [23]. 
The aim of this study is to show the potential usage of WMP and FA in preparing the grout mixture and to observe 
the effects of WMP and FA on the workability, fluidity, and rheological properties of CBG. The experiments were 
performed on 16 grout mixes including different amounts of WMP, FA and WMP+FA with the percentages of 5-25% 
(WMP), 5-25% (FA) and 10-30% + constant 25% (WMP+FA) of the total cementation materials weight and with 1.00 
ratio of w/c. A series of workability and rheology tests including Lombardi Plate cohesion test, Marsh cone flow time 
(MCFT) test, mini-slump flow diameter test and a coaxial rotating cylinder rheometer were conducted to observe the 
fresh properties of CBG mixtures. 
2. Materials and Methods 
2.1. Materials  
In this research Portland cement (CEM I-42.5R) was used complying with ASTM C150 Type-I cement. Class F FA 
was used an additive in CBG according to ASTM C 618. Also, WMP was used as an additive. Waste marble sludge 
(WMS) was provided in the form of a wet slurry from marble factory in Gaziantep-Turkey. The WMS was dried in an 
oven at 100 ± 10 ° C for 24 hours and then sieved with 150 μm sieve Figure 1. Table 1 demonstrates the chemical and 
physical properties of PC, WMP and FA. Moreover, particle size distributions of PC, WMP and FA are presented in 
Figure 2. 





Figure 1. Waste marble powder, cement, fly ash 
Table 1. The chemical and physical properties of PC, WMP and FA 
Chemical Composition (%) Portland Cement (PC) Waste Marble Powder (WMP) Fly Ash(FA) 
SiO2 20.27 3.86 62.35 
Al2O3 5.32 4.62 21.14 
Fe2O3 3.56 0.78 7.35 
CaO 60.41 28.63 1.57 
MgO 2.46 16.9 2.35 
SO3 3.17 – 0.10 
Loss on ignition 3.55 43.3 2.07 
Physical Properties 
Specific gravity 3.15 2.71 2.30 
Specific surface (Blaine) (cm2/g) 3030 4190 3870 
 
Figure 2. Particle size distributions of PC, WMP and FA 
2.2. Methods 
Water-binder (w/b) ratio is one of the important factors that has a prominent impact on the fresh and hardened 
characteristics of CBG mixes. So, in this experimental work w/b= 1.00 rate were chosen to research the effect of WMP, 
FA and WMP+FA on the CBG. 16 injection mixtures with various WMP, FA and WMP+FA amount were prepared to 
the impact of WMP, FA on the characteristics of CBG mixtures. (Table 2). WMP, FA and WMP+FA was replace with 
cement substitutions of 5-25%, 5-25% and 10-30% + constant 25% by volume. The control mix was prepared with only 
PC and water at w/b=1.00 rate. WMP and FA weren't added to the control mix. The mixture proportions are illustrated 























































M1 WMP0FA0 Control 1131 0 0 1131 1 0 0 202,5 27 3,08 
M2 WMP5FA0 Binary 1072 0 56 1129 1 0 5 201,5 26,88 3,35 
M3 WMP10FA0 Binary 1014 0 113 1127 1 0 10 204 26,91 3,3 
M4 WMP15FA0 Binary 956 0 169 1124 1 0 15 205 26,54 3,31 
M5 WMP20FA0 Binary 898 0 224 1122 1 0 20 199 26,89 3,67 
M6 WMP25FA0 Binary 840 0 280 1120 1 0 25 201,5 27 4,37 
M7 FA5WMP0 Binary 1069 56 0 1126 1 5 0 215 27,19 3,56 
M8 FA10WMP0 Binary 1008 112 0 1120 1 10 0 218 27,12 3,33 
M9 FA15WMP0 Binary 948 167 0 1115 1 15 0 218 27,72 2,92 
M10 FA20WMP0 Binary 888 222 0 1110 1 20 0 219 27,22 2,89 
M11 FA25WMP0 Binary 828 276 0 1104 1 25 0 220 27,03 2,78 
M12 WMP10FA25 Ternary 715 275 110 1100 1 25 10 218 26,5 2,8 
M13 WMP15FA25 Ternary 659 274,5 165 1098 1 25 15 218 26,6 3,15 
M14 WMP20FA25 Ternary 603 274 219 1096 1 25 20 219 26,8 3,22 
M15 WMP25FA25 Ternary 547 273,5 273 1094 1 25 25 211 26,8 3,04 
M16 WMP30FA25 Ternary 491 273 328 1092 1 25 30 211 27,3 3,09 
In preparation for the grout mixtures, five-liter laboratory mixer was used (Figure 3). The mixing step was applied 
in the experiment as following; WMP, FA, cement and water were mixed at slow speed (120 rpm) for 1 min. The mixer 
was paused and the remaining grout mixture on the sides of the container was stripped. Also, grout mixes was blended 
by hand for one minute. Lastly, the mixer was restarted at high speed (240 rpm) and the grout mixture mixed for three 
minutes. Temperature and humidity of the laboratory for all tests were checked and measured as 50-60% and 20±3 
respectively. All CBG mixtures were obtained by using the same mixing procedures. 
 
Figure 3. Laboratory mixer 
Rotational viscometer (rheometer) was used to find the yield stress and the plastic viscosity (proRheo R180 
Instrument, Germany) at 20 ± 3 oC (Figure 4). The viscosity of the grout can be measured at various rotational speeds. 
The rheometer determines viscosity according to the searle-principle; The proRheo R180 is a standard rotational model 
viscometer which uses a motor-driven bob turning in a fixed measuring tube. The specimen is sheared in the gap between 
the bob the tube and the measured shear stress is used with the shear rate to compute the viscosity [24]. 





Figure 4. Rotational viscometer (Rheometer) 
Ascending and descending flow curves in the shear stress–shear rate curve were gotten. The shear rates were varied 
between from 50 to 1000 s−1 for every CBG mixture. The apparent viscosity is regarded as a function of the shear rate; 
therefore, the shear-thickening (dilatant) behaviour of the CBG mixes is obtained with according to the apparent 
viscosity of GBG [25]. 
To find the rheological properties of CBG, several types of analytical models exist. Plastic viscosity and yield stress 
are got by matching shear stress–shear rate curve values into Modified Bingham model (Equation 1) τ0 is yielding stress 
and μp is plastic viscosity. 
2
0   cP  (1)
 
The modified Bingham model gives a preferable solution than the Bingham model (Equation 2) for the same mixes 
[25].  
  P0  (2) 
Figure 5 demonstrates the shear stress–shear rate curve values of MP5FA0 grout mixture by using both modified 
Bingham and Bingham model. 
. 
Figure 5. The characteristic flow properties of CBG obtained from Modified Bingham and Bingham Model 
The mini-slump test, MCFT and PCM test were used for evaluating the fluidity or workability of fresh grout mixtures. 
These tests were very easy to identify the flowability and workability characteristics of the grout prepared in the 
construction area.  
Bingham Model






















y = 1E-05x2 + 0.013x + 1.740
R² = 0.999




The mini-slump test was used to find the spread of grout mixtures. The apparatus shape is same to the slump cone 
described by ASTM C-143 [21]. Dimensions of mini-slump apparatus; 38 mm high with at the top diameters of 57 mm 
and 19 mm at the bottom (Figure 6) [25-27]. In the mini slump test, CBG mix is poured into a cone until it's full.  Then, 
the mixture is allowed to spread by removing the mini slump cone. It is transfer to on a flat glass plate. In the vertical 
















Figure 6. Mini-slump test apparatus 
The MCFT is a flowability test used for the properties and quality check of CBG and cement mortars which 
developed by Bartos et al., [28]. The volume of this device has 1500 ml and 5 mm inner cap (Figure 7). The MCFT is 
used to detect the CBG volume through flow cone at a measured time. The CBG mix was proud in a cone (1250 ml) 
and bottom outlet was turned on. After that, CBG mix begins to flow and elapsed time was measured providing that 
1000 ml of CBG had flowed. Consequently, the elapsed of time gave the MCFT time. The MCFT time of water was 
found as 24 s in comparison with cement based grout. 
 
Figure 7. Marsh cone flow test apparatus 
Lombardi PCM was used to find the cohesion. PCM consists of a steel plate with rough surfaces on both sides.  
10×10×3 mm is a dimension of the PCM (Figure 8). PCM apparatus was used for calculating the cohesion. The plate 
was immersed in the CBG mixture. Due to cohesion, the CBG mixture sticks on the plate. After that, the cohesion 
measured from the control mix was compared with that measured from the CBG mixes [29-30]. All tests were done two 
times by preparing a new mixture for control purposes. The test results were similar and were not indicated in the tables. 
All tests were made at 8-12 minutes after contact with cement and water. 
 





Figure 8. Plate cohesion test apparatus 
3. Results and Discussions 
3.1. Rheological Properties of CBG 
The influence WMP and FA content on the rheological properties of CBG mixture can be related with between the 
shear rate and the shear stress. The flow curves of the CBG mixes containing WMP, FA and WMP+FA with w/b = 1 






























































Figure 9. Flow curves of CBG containing, (a) WMP (5-25%); (b) FA (5-25%); (c) WMP(10-30%)+FA(25%) 
The shear stress versus the shear rate curves were obtained by using modified Bingham model for CBG mixes. Table 
3 shows the calculation of modified Bingam Model parameters. Authors used the values obtained from ascending and 
descending flow curves because it gives more accurate value. In Figure 9, the CBG mixtures illustrated shear-thickening 
behavior at all WMP, FA and WMP+FA contents. 
Table 3. Rheological properties of the CBG mixture. 
Mix ID τ0 (Pa) μp (Pa.s) Grout Temperature (
oC) R2 
WMP0FA0 0,76 0,003 19,0 0,998 
WMP5FA0 0,72 0,003 18,5 0,997 
WMP10FA0 0,70 0,003 18,0 0,998 
WMP15FA0 0,76 0,004 18,5 0,999 
WMP20FA0 0,46 0,004 18,5 0,997 
WMP25FA0 0,58 0,004 18,5 0,999 
FA5WMP0 1,00 0,003 19,3 0,995 
FA10WMP0 0,95 0,002 18,1 0,981 
FA15WMP0 0,90 0,001 18,5 0,994 
FA20WMP0 0,80 0,001 18,5 0,982 
FA25WMP0 0,75 0,001 18,8 0,997 
WMP10FA25 0,89 0,003 19,0 0,996 
WMP15FA25 0,92 0,003 18,1 0,994 
WMP20FA25 0,97 0,003 18,5 0,992 
WMP25FA25 0,98 0,003 18,5 0,995 
WMP30FA25 0,99 0,004 18,8 0,995 
Table 3 demonstrates how the plastic viscosity (μp) of w/b=1.00 ratio of CBG mixtures containing WMP and FA are 
affected. It was observed that the increment in WMP amount in the CBG mix increased the plastic viscosity. It can be 
concluded that the high water holding capacity. Similar result was reported by Singh et al. [14]. On the other hand, the 
increment in FA percentage in the CBG mix decreased the plastic viscosity, because of the spherical shape of the 
particles of FA.[31-32] Sha F. et al.[33] found an decrease viscosity, this was mainly because that the high amounts of 

































3.2. Fluidity Properties of GBG 
Figure 10(a) shows the mini-slump flow diameter of CBG prepared with the different amount of WMP, FA and 
WMP+FA contents. It indicates that the increase in the percentage of WMP (5-25%) amount reduced the mini-slump 
flow diameter because of the angular particle shape of WMP [34]. Moreover, the increase in the percentage of FA (5-
25%) amount increments the mini slum flow. The spherical shape of FA decreases frictional force between the angular 
particles of PC owing to the ball bearing effect. According to the control sample, the increment in the percentage of 
WMP (10-25%) amount increased the mini-slump flow diameter for constant FA (25%) content. 
 
 
Figure 10. (a) Effect of WMP and FA on mini-slump flow; (b) effect of WMP and FA on MCFT 
Figure 10(b) illustrates the impact of WMP and FA amount on MCFT at w/b=1.00 ratio. It seems that the increase 
in WMP amount in the CBG mix, there is no effect on MCFT. Also, MCFT decreased with the increase of FA amount. 
It can be said that increasing FA is able to improve the flowability of CBG. Similar results were reported by Güllü, H. 
et al. [35] and Sha. F. et al. [33]. Especially, FA increased the fluidity of CBG, while the WMP showed negative effect 
in increase the MCFT in WMP+FA content. Sing et al. [14] found a decrease flowability on increasing the replacement 
percent of cement by WMP which was attributed to high percentage of fines in WMP. 
3.3. The Comparisons between Fluidity and Rheological Properties of CBG 
To descript the relation between two rheological values (plastic viscosity and yield stress) and the flowability and 
the workability properties (mini-slump flow, MCFT and PCM) of the CBG, the curves were drawn between the test 
outcomes and the R2 value. If correlation coefficient (R2) values are above 0.80, then it can be considered that there is a 
good correlation between two test outcomes. If R2 values are below 0.80, it indicates that there is a poor correlation [5]. 
Figure 11 displays the relationship between the rheological and the flowability properties, meantime Figure 11(a) 
illustrates the relationship between the yield stress and the mini-slump flow. From the graph, the relation between the 























































































































































































in the yield stress incremented the mini-slump flow diameter. As a result of that a well-defined demonstration of the 
yield stress value could be estimated from the mini slump flow diameter test. The results are compatible to the literature 
[5, 25]. 
Figures 11(b) and 11(c) shown the relationship between plastic viscosity and MCFT and yield stress and Lombardi 
PCM test. In the Figure 11(b), it can be obtained that there is a good correlation (R2 = 0.84). Figure 11(b) shown that 
the increment in plastic viscosity increased the MCFT of the CBG mixture. Also, It seemed that there is weak correlation 




Figure 11. Correlation between workability and rheological properties of a yield stress –mini-slump flow, b plastic viscosity 
– MCFT and c yield stress –PCM 
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 The rheological properties of the CBGs importantly have been improved by the addition of WMP until %15 and all 
percentage of FA to grout mix at w/b=1.00 ratio. Strongly shear thickening behavior was got from the CBG mixture 
all mix WMP, FA and WMP+ FA contents 
 The increment in the percentage of WMP in the CBG mixture incremented the plastic viscosity. On the other hand, 
the increment in FA percentage in the CBG mix decreased the plastic viscosity. 
 The increase in the percentage of WMP (5-25%) amount reduced the mini-slump flow diameter. Moreover, the 
increment in the percentage of FA (5-25%) amount increments the mini slum flow. According to the control sample, 
the increment in the percentage of WMP (10-25%) amount increased the mini-slump flow diameter for constant 
FA (25%) content. Also, the increase in WMP amount in the CBG mix, there is no effect on MCFT. Also, MCFT 
decreased with the increase of FA amount. Especially, FA increased the fluidity of CBG, when the WMP showed 
negative effect in increase the MCFT in WMP+FA content. 
 The rheological properties (the plastic viscosity and the yield stress) of the CBG got from the modified Bingham 
model also illustrates a good correlation with the MCFT and mini-slump flow of the CBG (R2 = 0.86, R2=0.84). On 
the other hand, no correlation was found between yield stress and Lombardi PCM test. 
5. Conflicts of Interest 
 The authors declare no conflict of interest.  
6. References  
[1] Letourneur, J. “Grouting Theory and Practice E. Nonveiller. Elsevier, Amsterdam, 1989, 250 Pp.” Engineering Geology 31, no. 
3–4 (December 1991): 374. doi:10.1016/0013-7952(91)90022-d. 
[2] Stille, Björn, and Gunnar Gustafson. “A Review of the Namntall Tunnel Project with Regard to Grouting Performance.” 
Tunnelling and Underground Space Technology 25, no. 4 (July 2010): 346–356. doi:10.1016/j.tust.2010.01.009. 
[3] Yeon, K. S., and M. Y. Han. "Fundamental properties of polymer–cement mortars for concrete repair." In Proceedings of the 7th 
International Conference on Structural Faults and Repair, vol. 2, pp. 469-76. 1997. 
[4] Baltazar, Luis G., Fernando M.A. Henriques, and Fernando Jorne. “Optimisation of Flow Behaviour and Stability of 
Superplasticized Fresh Hydraulic Lime Grouts through Design of Experiments.” Construction and Building Materials 35 (October 
2012): 838–845. doi:10.1016/j.conbuildmat.2012.04.084. 
[5] Çınar, Muhammet, Fatih Çelik, Hanifi Çanakcı, and Dia Eddin Nassani. “Fresh Properties of Cementitious Grout with Rice Husk 
Powder.” Arabian Journal for Science and Engineering 42, no. 9 (March 18, 2017): 3819–3827. doi:10.1007/s13369-017-2467-5. 
[6] Danot, C, and N. Derache. “Grout injection in the laboratory.” International Symposium on Earth Reinforcement, (2007) IS 
Kyushu.  
[7] Miltiadou, A.E. “Etude des coulis hydrauliques pour la réparation et lerenforcement des structures et des monuments historiques 
en maconnie.” (1991) Etude et recherche des Laboratoires des Ponts et Chaussées Serieouvrages d’art,pp. 278. 
[8] Ruggiero, John G. "Low slump compactive tail shield grouting in soft ground, shield driven tunnels." Special Publication 83 
(1984): 103-114. 
[9] Weaver, K.D., Evans, J.C. and Pancoski, S.E. “Grout testing for a hazardous waste application.” Concrete International (1990):12 
(7), 45–47. 
[10] Sonebi, M. “Experimental Design to Optimize High-Volume of Fly Ash Grout in the Presence of Welan Gum and 
Superplasticizer.” Materials and Structures 35, no. 250 (May 27, 2002): 373–380. doi:10.1617/13752. 
[11] Rosquoe, F., Alexis, A., Khelidj, A. and Phelipot, A. “Experimental study of cement grout rheological behavior and 
sedimentation.” Cement and Concrete Research (May 2003): 33, 713–722. doi: 10.1016/s0008-8846(02)01036-0. 
[12] Singh, Manpreet, Anshuman Srivastava, and Dipendu Bhunia. “Long Term Strength and Durability Parameters of Hardened 
Concrete on Partially Replacing Cement by Dried Waste Marble Powder Slurry.” Construction and Building Materials 198 
(February 2019): 553–569. doi:10.1016/j.conbuildmat.2018.12.005. 
[13] Khan, Mehran, and Majid Ali. “Improvement in Concrete Behavior with Fly Ash, Silica-Fume and Coconut Fibres.” 
Construction and Building Materials 203 (April 2019): 174–187. doi:10.1016/j.conbuildmat.2019.01.103. 
[14] Singh, Manpreet, Anshuman Srivastava, and Dipendu Bhunia. “An Investigation on Effect of Partial Replacement of Cement by 
Waste Marble Slurry.” Construction and Building Materials 134 (March 2017): 471–488. 
doi:10.1016/j.conbuildmat.2016.12.155. 




[15] Alyamac, K. E., Ghafari,E. and Ince, R. “Development of eco-efficient self-compacting concrete with waste marble powder 
using the response surface method.” Journal of Cleaner Production (Feb 2017): 144, 192-202. 
https://doi.org/10.1016/j.jclepro.2016.12.156. 
[16] Alyamaç, Kürşat Esat, and Ragip Ince. “A Preliminary Concrete Mix Design for SCC with Marble Powders.” Construction and 
Building Materials 23, no. 3 (March 2009): 1201–1210. doi:10.1016/j.conbuildmat.2008.08.012. 
[17] Pooja, J.C. and Prof, S.D.B. “To Study the Behaviour of Marble Powder as Supplementry Cementitious Material in Concrete.” 
Int. Journal of Engineering Research and Applications (Apr 2014): 4, 377-381.  
[18] Shirule, P.A., Rahman, A. and Gupta, R.D. “Partial replacement of cement with marble dust powder.” International Journal of 
Advanced Engineering Research and Studies (2012):1(3), 2249. 
[19] Aliabdo, Ali A., Abd Elmoaty M. Abd Elmoaty, and Esraa M. Auda. “Re-Use of Waste Marble Dust in the Production of Cement 
and Concrete.” Construction and Building Materials 50 (January 2014): 28–41. doi:10.1016/j.conbuildmat.2013.09.005. 
[20] Rodrigues, R., J. de Brito, and M. Sardinha. “Mechanical Properties of Structural Concrete Containing Very Fine Aggregates 
from Marble Cutting Sludge.” Construction and Building Materials 77 (February 2015): 349–356. 
doi:10.1016/j.conbuildmat.2014.12.104. 
[21] Yao, Z.T., X.S. Ji, P.K. Sarker, J.H. Tang, L.Q. Ge, M.S. Xia, and Y.Q. Xi. “A Comprehensive Review on the Applications of 
Coal Fly Ash.” Earth-Science Reviews 141 (February 2015): 105–121. doi:10.1016/j.earscirev.2014.11.016. 
[22] Uysal, Mucteba, and Mansur Sumer. “Performance of Self-Compacting Concrete Containing Different Mineral Admixtures.” 
Construction and Building Materials 25, no. 11 (November 2011): 4112–4120. doi:10.1016/j.conbuildmat.2011.04.032. 
[23] Sadati, Seyedhamed, Mahdi Arezoumandi, Kamal H. Khayat, and Jeffery S. Volz. “Shear Performance of Reinforced Concrete 
Beams Incorporating Recycled Concrete Aggregate and High-Volume Fly Ash.” Journal of Cleaner Production 115 (March 
2016): 284–293. doi:10.1016/j.jclepro.2015.12.017. 
[24] Mezger, T.G, “The Rheology Handbook, 3rd revised Edition” (2011) Hanover Vincentz Network, Germany. 
[25] Celik, Fatih, and Hanifi Canakci. “An Investigation of Rheological Properties of Cement-Based Grout Mixed with Rice Husk 
Ash (RHA).” Construction and Building Materials 91 (August 2015): 187–194. doi:10.1016/j.conbuildmat.2015.05.025. 
[26] Wedding, PA, and DL Kantro. “Influence of Water-Reducing Admixtures on Properties of Cement Paste—A Miniature Slump 
Test.” Cement, Concrete and Aggregates 2, no. 2 (1980): 95. doi:10.1520/cca10190j. 
[27] Ozawa, K., Sakata, N., Okamura, H. 1995. Evaluation of self compactibility of fresh concrete using the funnel test. Japan Society 
of Civil Engineers Concrete Library International 25, 61–70. 
[28] Bartos, P., Sonebi, M. and Tamimi, A. “Workability and rheology of fresh concrete: compendium of tests.” Report of RILEM 
Technical Committee TC145 WSM, p. 86. 
[29] Khayat, K.H. and Yahia, A. “Effect of Welan Gum-High-Range Water Reducer Combinations on Rheology of Cement Grout.” 
ACI Materials Journal 94, no. 5 (1997). doi:10.14359/321. 
[30] Weaver, Ken, and Donald Bruce. “Dam Foundation Grouting” (February 19, 2007). doi:10.1061/9780784407646. 
[31] Jiménez-Quero, V.G., F.M. León-Martínez, P. Montes-García, C. Gaona-Tiburcio, and J.G. Chacón-Nava. “Influence of Sugar-
Cane Bagasse Ash and Fly Ash on the Rheological Behavior of Cement Pastes and Mortars.” Construction and Building 
Materials 40 (March 2013): 691–701. doi:10.1016/j.conbuildmat.2012.11.023. 
[32] Çevik, Abdulkadir, Radhwan Alzeebaree, Ghassan Humur, Anıl Niş, and Mehmet Eren Gülşan. “Effect of Nano-Silica on the 
Chemical Durability and Mechanical Performance of Fly Ash Based Geopolymer Concrete.” Ceramics International 44, no. 11 
(August 2018): 12253–12264. doi:10.1016/j.ceramint.2018.04.009. 
[33] Sha, Fei, Shucai Li, Rentai Liu, Zhaofeng Li, and Qingsong Zhang. “Experimental Study on Performance of Cement-Based 
Grouts Admixed with Fly Ash, Bentonite, Superplasticizer and Water Glass.” Construction and Building Materials 161 
(February 2018): 282–291. doi:10.1016/j.conbuildmat.2017.11.034. 
[34] Gesoğlu, Mehmet, Erhan Güneyisi, Mustafa E. Kocabağ, Veysel Bayram, and Kasım Mermerdaş. “Fresh and Hardened 
Characteristics of Self Compacting Concretes Made with Combined Use of Marble Powder, Limestone Filler, and Fly Ash.” 
Construction and Building Materials 37 (December 2012): 160–170. doi:10.1016/j.conbuildmat.2012.07.092. 
[35] Güllü, Hamza, Abdulkadir Cevik, Kifayah M.A. Al-Ezzi, and M. Eren Gülsan. “On the Rheology of Using Geopolymer for 
Grouting: A Comparative Study with Cement-Based Grout Included Fly Ash and Cold Bonded Fly Ash.” Construction and 
Building Materials 196 (January 2019): 594–610. doi:10.1016/j.conbuildmat.2018.11.140. 
